of organic matter attending biodegradability is a common practice when a bio-kinetic model is used to describe the reaction rates at which organic matter of wastewater is biodegraded. However, procedures for characterizing organic matter contained in feces have not been reported yet. This paper deals with the characterization of feces; two approaches for characterizing organic matter of feces are discussed based on physicochemical determinations and biological response during aerobic degradation.
Characterization of organic matter attending biodegradability is a common practice when a bio-kinetic model is used to describe the reaction rates at which organic matter of wastewater is biodegraded. However, procedures for characterizing organic matter contained in feces have not been reported yet. This paper deals with the characterization of feces; two approaches for characterizing organic matter of feces are discussed based on physicochemical determinations and biological response during aerobic degradation.
Application of those procedures leaded to characterization of feces in terms of chemical oxygen demand (COD) and mass units. proper design and operation of the treatment systems. The quality of model predictions depends on the quality of the feces characterization and on the calibration of the model. The planned use of modeling results determines the degree of complexity needed in the characterization.
Under above considerations, this paper deals with the characterization of feces; two approaches for characterizing organic matter of feces are discussed based on measurements of physicochemical parameters and biological response during aerobic degradation.
METHOD
Characterization of feces has been traditionally carried out regarding the concentration of different constituents or values of several parameters that indicate in certain way the organic load and nutrient availability. However, this way of characterizing feces does not allow judging the biodegradability of organic matter contained in feces.
On the other hand, in activated sludge literature4),5,6)7), organic matter has been divided into two main fractions attending its biodegradable character, non-biodegradable and biodegradable organic matter. The non-biodegradable organic matter has two sub-fractions, particulate and soluble. The biodegradable organic matter has also two sub-fractions, slowly biodegradable particulate and readily biodegradable soluble. This division has been made based on biological response, not on physical separation 4),5>,6)a1. Thus, biodegradability of feces may be assessed attending this way of characterizing organic matter.
Above fractioning can be determined through the performance of simple batch tests; measuring the chemical oxygen demand (COD); monitoring the oxygen utilization rate (OUR) and simulating OUR profiles. Additionally, biodegradability may be assessed in terms of mass units by measuring simple physical parameters such as total solids (TS) and volatile solids (VS).
(1) Experimental device Fig. 1 shows the experimental device employed for performing batch tests. Four bioreactors, constructed of glass and steel, and provided with steel porous plate in the bottom for ensuring well distribution of air supply, were placed into water baths; sensors for oxygen, temperature and pressure were set before and after the bioreactor, and an additional temperature sensor was also placed inside of it; all of them were properly connected to a computer for monitoring. Air was supplied into the bioreactor continuously and air flow rate and pressure were controlled and kept constant by using a flow meter. Air was dried before measuring oxygen concentrations by using silica gel. Bioreactors were submerged into water whose temperature was kept constant by using a temperature controller. Oxygen utilization rates were computed based on measurements of oxygen concentrations of air before and after the bioreactor.
(2) Batch tests Batch tests for four different feces/sawdust ratios (F/S:5, 10, 15 and 25%, on dry basis) were conducted at 55C and under the conditions described in Table 1 . Feces were properly mixed into the sawdust for ensuring uniform and completely mixed conditions. All mixtures were set up at 60% of initial,moisture content by adding distilled water. Enough air was supplied in each trial for keeping perfect aerobic conditions; air flow rates and pressure were kept constant during the tests performance.
Input and output oxygen concentrations were monitored every 20 minutes and the corresponding TS, VS and COD and moisture content of feces, sawdust and compost were measured in all trials. OUR was computed in every trial based on input and output oxygen concentrations.
(3) Characterization based on COD COD is undoubtedly the superior measure of the concentration of organic material because it alone provides a link between electron equivalents in the organic substrate, the biomass and oxygen utilized. Furthermore, mass balance can be made in terms of COD6). When characterization is thought for modeling purposes, it is important to note that there is a close relationship between characterization of feces and the model and constants used. The quality of characterization may be evaluated based on biological response (oxygen consumption) during biodegradation, so that, the level of fractioning will be given by modeling and simulating the oxygen utilization rate. Thus, the most proper characterization will be the one that allows better model predictions.
The total organic matter contained in feces can be measured as COD, which can be divided depending on the complexity and the use of the model. Fig. 2 shows the hypothetical composition of feces based on the fractioning presented above; as depicted, it is assumed that feces are composed of biologically inert material or non-biodegradable particulate (XI) and biodegradable organic matter which is subdivided into readily biodegradable organic matter (Ss) and slowly biodegradable organic matter (Xs). During biodegradation, it is also assumed that Xs is transformed into readily biodegradable organic matter (Ss) by hydrolysis; growth of heterotrophic biomass (XH) occurs at expense of Ss associated with oxygen utilization; under the death-regeneration approach 6), decaying biomass is split into two fractions:
inert matter (X1) and slowly biodegradable matter (Xs); the latter is subsequently hydrolyzed into readily biodegradable substrate. The death-regeneration model implies that, even when all the substrate originating from the feces has been oxidized, there remains an oxygen consumption associated with the growth on substrate released from decay. The amount of new biomass formed from released substrate is always less than the amount of biomass lost6). If the oxygen consumption rate at this stage is quite low, approximating toward to the initial level, it might be able to assume that the fraction associated to biomass is negligible and only two fractions of inert material remain in the experimental bioreactor.
According to Fig. 2 , the total COD of feces includes the following components TCOD = X, + Ss + Xs (1) On the other hand, the total biologically inert material remaining in the experimental reactor (XIT) can be expressed as follows:
XIT=X1+XIr=X1+YH(S5+Xs)fxl (2) where XIT = total biologically inert material that remains in the experimental reactor, g COD. YH = yield coefficient for heterotrophic biomass, g COD (g COD)",. fxI = inert COD production coefficient in endogenous respiration, g COD (g COD)-,. YH(Ss + Xs) = quantity of biodegradable organic matter that is converted into biomass, g COD. Substituting equation (1) in equation (2) and rearranging terms yields Estimation of Ss and Xs requires the prior determination of stoichiometric parameters such as biomass yield coefficient YH and the inert COD production coefficient in endogenous respiration fxi. Estimation of them constitutes a real challenge due to the difficulty for measuring directly the biomass growth in the sawdust matrix; so that, conservative values of these parameters were adopted from those reported in the literature of activated sludge systems, mainly determined at 20C.
Regarding the uncertainty associated with the impact of temperature on yield coefficient, most engineers assume it to be independent of temperature9). Thus, YH and fxi, were set as 0. 63 g COD (g COD)", and 0. 10 g COD (g COD)-, respectively3),4),5),6),7)
Even though, organic matter was assumed to be composed of three fractions in Fig. 2 , modeling and simulating the oxygen utilization rate give the most convenient level of fractioning. The most proper characterization is that which allows better model predictions. Thus, the level of fractioning and estimation of fractions XI, Ss and Xs are determined regarding two cases.
a) Case I: Feces constituted only by X1 and Xs
This case assumes that all biodegradable organic matter contained in feces corresponds to slowly 1 -Yfi, Based on COD reductions observed during batch tests performance for every F/S ratio, the fraction of total biologically inert material (X, T) remaining in the experimental reactor is estimated. Thus, substituting this known term and values of YH and fX, in equation (5), fractions XS, X, and X, p are determined from equations (5), (4) and (2) respectively. b) Case II: Feces composed of three fractions X1, Ss and Xs This case assumes that biodegradable organic matter contained in feces may be divided into Ss and Xs as shown in Fig. 2 
. Thus, equation (3) can be expressed as follows:
Xs= TCOD -X IT 1-YH fx, Regarding the OUR profile shown in Fig. 3 and applying the method developed by Kappeler and Gujer5) for characterizing wastewater, the OUR increases and decreases rapidly because the consumption of readily biodegradable organic matter leads to substrate limitation. Once nearly all readily biodegradable substrate is used, the oxygen respiration is dominated by growth on substrate released by hydrolysis and less by endogenous respiration 5). Therefore, the fraction Ss is equivalent to the term A/(1-YHfxj), where A is the area under the OUR profile defined by the peak and the baseline-respiration as depicted in Fig. 3 ; thus, equation (6) Estimation of XB requires the prior determination of the stoichiometric parameters Y'H and fx, Those values adopted in COD characterization may be used by expressing them in mass units, g VS (g VS). Conversion factors are used for that purpose.
As seen, it is not required to know XFSP for estimating the fractions that constitute feces; however, it can be determined as follows XFSP = TSR V SR -X FS
RESULTS AND DISCUSSION (1) Feces content
There is a wide range of variability in the content of feces from person to person and place to place. Factors such as nutrition, climate, health, age and lifestyle are responsible of that variability. In this respect, from the analysis of 26 feces samples, Table 2 shows average values for some parameters that indicate in certain way the organic load and nutrient availability of feces. Data of moisture content, TS and COD are in accordance with those reported by other researchers 12). As seen, approximately 82% of water and 18% of solids constitute feces. 84% of solids are volatile solids (organic material) and 16% are fixed solids (inorganic material). Fixed solids and non-biodegradable VS remained in the experimental reactor without any transformation.
(2) Characterization in terms of COD For easier comparisons, all values of fractions shown below were expressed in decimal fractions (relative values respect to TCOD). a) Case I Lopez et al. 13) evaluated the effect of organicloading on the aerobic biodegradation of feces using sawdust as a matrix, they found that the fraction of total biologically inert material (X, T) remaining in the experimental reactor after biodegradation was 25%. Substituting this value and those adopted for stoichiometric parameters in equation (5) yields Calculations for other trials are summarized in Table 3 . As seen, the average value of the slowly Therefore, from equations (1) The applicability and feasibility of above fractions for both cases were confirmed through comparison between model predictions and experimental data; thus, the OUR profile for every F/S ratio was simulated regarding the fractioning level of both cases. Fig. 5 shows the simulation results for the F/S 15%, it is clear that the best curve fitting is given by the case I; the simulated OUR profile fitted properly to that experimentally obtained not only for this F/S ratio but also for the others; therefore, fractioning of feces COD into two categories, biologically inert material XI and slowly biodegradable organic matter XS (case I), is applicable and affordable for characterizing feces.
(3) Characterization in terms of mass units For easier comparisons, all values of fractions shown below were expressed in decimal fractions (relative values respect to TS). As shown in Table 2 , volatile solids constitute approximately 84% of feces; therefore, from equation (l0) the fraction (XFS) was computed as 16%.
The conversion factor VS to biomass was estimated as 0. 76 g VS (g CODY1 from activated sludge literature'.
Based on VS and COD measurements, the conversion factor VS to substrate was approximately 0. 58 g VS (g COD)1 and adopting same ratio for VS to XB, p, the stoichiometric parameters expressed in mass units yields Y'H = 0. 48 g VS (g VS) and fxr = 0. 13 g VS (g VS)' On the other hand, Lopez et a1. 13) found that approximately 70% of feces VS was depleted during batch test performance. Substituting this value and those for stoichiometric parameters in equation by applying the two methods of characterizing feces. Characterization based on mass units may be useful for assessing the quantity and character of residue that accumulates in the composting reactor of bio-toilet systems, whereas characterization of feces based on COD measurements is convenient for modeling purposes, technique that allows the establishment of criteria for the proper design and operation of bio-toilet systems.
CONCLUSIONS

Characterization
of feces for bio-toilet systems using sawdust as a matrix was conducted attending the biodegradability of organic matter contained in feces. Two methods were used for that purpose, the first expressed in terms of COD, where COD measurements, experimental OUR profiles and simulation were used. Whereas, in the second, expressed in terms of mass units, measurements of physical parameters such as TS and VS were employed.
In terms of COD, feces were characterized into two fractions, biologically inert material 20% and slowly biodegradable organic matter 80%. Characterization in these terms is useful for modeling purposes, which is essential for establishing criteria for the proper design and operation of bio-toilet systems. in the design and operation of the bio-toilet system.
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